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$M$ 3 , intM
. , $\Gamma\subset \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$
$\mathrm{i}\mathrm{n}\mathrm{t}M\cong N_{\Gamma}=\mathrm{H}^{3}/\Gamma$ .
$R(M)=\mathrm{H}\mathrm{o}\mathrm{m}(\pi_{1}(M), \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C}))/\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$
$AH(M)=$ { $[\rho]\in R(M)|\rho$ is faithful and discrete}
.
. $R(M)$ ( ) .
$AH(M)$ , intAH(M) minimally parabolic
$MP(M)$ . $[\rho]\in AH(M)$ minimally parabolic
$\rho(g)$ parabolic $g$ $\pi_{1}(M)$ rank 2free abelian subgroup
. $\overline{MP(M)}=AH(M)$ $\mathrm{t}\backslash$ (Bers-Thhurston
). $MP(M)$ complex manifold , [
. $\overline{MP(M)}$
.
$MP(M)$ ( ) ,
$A(M)$ 1:1 . $A(M)$ { $(M’, h’)$
: $M’$ 3 , $h’$ : $Marrow M’$
, $(M_{1}, h_{1})$ $(M_{2}, h_{2})$ $j$ : $M_{1}arrow M_{2}$ \leq




, Bromberg-Holt [6] $MP(M)$
$\grave{\grave{1}}$ \beta (self-
bumping) :
Theorem 1.1(Bromberg-Holt[6]). $M$ { compact, orientable, atoroidal, ir-
reducible 3 . Annulus $M$ essential, proper em-




, $MP(M)$ $\ovalbox{\tt\small REJECT}$ $MP(M)$
$B$ $[\rho]\in\partial B$ $[\rho]$ $U$
$U\cap B$ .
2
$S$ 2 . $M=S\cross[0,1]$
. $R(S)=$. $\mathrm{H}\mathrm{o}\mathrm{m}(\pi_{1}(S), \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C}))/\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$ ,
$AH(S)$ $\text{ }.$ intAH(S) $QF(S)$ ,
. $QF(S)=MP(S\cross[0,1])$ , $QF(S)$
. $QF(S)$ Teichm\"uller $T(S)$
$\mathrm{q}\mathrm{f}:T(S)\cross T(S)arrow QF(S)$ . $R(S)$ $QF(S)$
, $R(S)$ $P(S)$
.
$S$ $(\hat{\mathrm{C}}, \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C}))$ - ; , $\hat{\mathrm{C}}$ ,
M\"obius . $S$
marking $P(S)$ $T(S)$
. $Y\in P(S)$ , developing map $f_{Y}$ : $\tilde{Y}arrow\hat{\mathrm{C}}(\tilde{Y}$ $Y$
) , $\rho_{Y}$ : $\pi_{1}(S)arrow \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$
. $Y\in P(S)$ $[\rho_{Y}]$
,
$\mathrm{h}\mathrm{o}1$ : $P(S)arrow R(S)=\mathrm{H}\mathrm{o}\mathrm{m}(\pi_{1}(S), \mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C}))/\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$
, . ,
$P(S)$ $Q(S)=\mathrm{h}\mathrm{o}1^{-1}(QF(S))$ . $Q(S)$
$Q$ $\mathrm{h}\mathrm{o}1|Q:Qarrow QF(S)$ . Goldman [7]
(grafting ) , $Q(S)$
measured lamination $\mathcal{M}\mathcal{L}(S)$ $\mathcal{M}\mathcal{L}\mathrm{z}(S)$
1 1 .
$\mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)=$ { $\lambda\in \mathcal{M}\mathcal{L}(S)$ : $\lambda=\sum n_{j}C_{j},$ $n_{j}\in \mathrm{N},$ $C_{j}$ }.
$Q(S)$ , developing map standard,








Anderson-Canary [2] , McMullen $QF(S)$
.
Theorem 2.1 (McMullen [13]). exotic , $\partial Q_{0}$
. $\overline{QF(S)}$ .




Theorem 22 ([8]). $\{\lambda_{i}\}_{i=1}^{m}\subset \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)-\{0\}$ $j,$ $k\in\{1, \ldots, m\}$
$i(\lambda j, \lambda k)=0$ $\overline{Q_{0}}\cap\overline{Q_{\lambda_{1}}}\cap\cdots\cap\overline{Q_{\lambda_{m}}}\neq\emptyset$ .
$i(\cdot, \cdot)$ . , $\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)-\{0\}$
$\overline{Q_{0}}\cap\overline{Q_{\lambda}}\neq\emptyset$ . $P(S)$ $Q(S)$ $\overline{Q(S)}$ .
Corollary 23([8]). $n\in \mathrm{N}$ $[\rho]\in\partial QF(S)$
, $[\rho]$ $U$ $U\cap QF(S)$ $n$
.
$Q_{\lambda}$ 2 $Q_{0}$ .
Theorem 24([9]). $\lambda\in \mathcal{M}\mathcal{L}_{\mathrm{Z}}(S)-\{0\}$ $Y\in\overline{Q_{0}}\cap\overline{Q_{\lambda}}$





Problem 2.5. $\overline{Q_{0}}$ ?
Theorem 22 Theorem 2.4 .
Theorem 26([9]). $\lambda,$ $\mu\in \mathcal{M}\mathcal{L}\mathrm{z}(S)-\{0\}$ $\overline{Q_{\lambda}}\cap\overline{Q_{\mu}}\neq\emptyset$
.
3
$\Gamma$ $N_{\Gamma}=\mathrm{H}^{3}/\Gamma$ . $\Gamma$ $\Omega(\Gamma)$ ,
$\Lambda(\Gamma)$ . $\Gamma$ group , $\Omega(\Gamma)$ F-
$\Omega_{0}(\Gamma)$ , $\Omega_{0}(\Gamma)$ .
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$\Gamma_{n}$
$\hat{\Gamma}$ , $\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$ $\Gamma_{n}$ $\hat{\Gamma}$
Hausdorff . $G$ torsion-free
, $\rho_{n}$ : $Garrow\Gamma_{n}$ $\rho$ : $Garrow\Gamma$
. , $\Gamma_{n}$ $\hat{\Gamma}$ , $\hat{\Gamma}$
$\Gamma\subset\hat{\Gamma}$ .
quasi-Fuchsian group ,
3 . Theorem 21-26 , Example
2 .
Example 1 (Kerckhoff-Thurston $[\mathit{1}\mathit{1}J$). $c$ $S$ simple closed curve , $\tau=\tau_{c}$
$c$ Dehn twist . $(X, X’)\in QF(S)$ 1
$[\rho_{n}]=\mathrm{q}\mathrm{f}(X, \tau^{n}X’)\in QF(S)$
, , $[\rho]\in\partial QF(S)$
. $\rho_{n}$ : $\pi_{1}(S)arrow\Gamma_{n}$ $\rho:\pi_{1}(S)arrow\Gamma$
. $\Gamma_{n}$ $\hat{\Gamma}$ . $\Gamma$ geometrically
finite&group , $\hat{\Gamma}$ t rank 2parabolic subgroup . $N_{\dot{\Gamma}}\cong \mathrm{i}\mathrm{n}\mathrm{t}(S\cross$
$[0,1]-c\cross\{1/2\})$ . $\pi$ : $N_{\Gamma}arrow N_{\dot{\Gamma}}$ covering map , $N_{\Gamma}$
compact core $M$ $\pi|M$ .
Example 2(Anderson-Canary $[\mathit{2}J$). Example1 [ , {
$[\rho_{n}]=\mathrm{q}\mathrm{f}(\tau^{n}X, \tau^{2n}X’)\in QF(S)$
. $R(S)$ ,
$[\rho]\in\partial QF(S)$ . $\rho_{n}$ : $\pi_{1}(S)arrow\Gamma_{n}$ $\rho$ : $\pi_{1}(S)arrow\Gamma$
. $\Gamma_{n}$ $\hat{\Gamma}$ . $\Gamma$
geometrically finite&group , $\hat{\Gamma}$ rank 2parabolic subgroup $1_{\mathit{1}}$ .
$N_{\hat{\Gamma}}\cong \mathrm{i}\mathrm{n}\mathrm{t}(S\cross[0, 1]-c\cross\{1/2\})$ . $\pi$ : $N_{\Gamma}arrow N_{\hat{\Gamma}}$ covering map
, $N_{\Gamma}$ compact core $M$ $\pi|M$ rank 2cusp 1 .
$\pi|M$ .
Example 3(Brock $[\mathit{5}J$). 1 [ simple closed curve $a,$ $b$ . $\tau_{a},$ $\tau_{b}$
$a,$
$b$ [ Dehn twist , $\sigma=\tau_{a}\circ\tau_{b}$ . $\tau$ [ partially
pseudO-Anozov map . $(X, X’)\in QF(S)$ 1
$[\rho_{n}]=\mathrm{q}\mathrm{f}(X, \sigma^{n}X’)\in QF(S)$
, , $[\rho]\in\partial QF(S)$
. $\rho_{n}$ : $\pi_{1}(S)arrow\Gamma_{n}$ $\rho$ : $\pi_{1}(S)arrow\Gamma$
. $\Gamma_{n}$ $\hat{\Gamma}$ . $\Gamma$ partially
degenerate&group , $N_{\hat{\Gamma}}\cong \mathrm{i}\mathrm{n}\mathrm{t}(S \cross[0,1]-T\cross\{1/2\})$ . $\hat{\Gamma}$ rank
2parabolic subgroup . $\pi$ : $N_{\Gamma}arrow N_{\hat{\Gamma}}$ covering map , $N_{\Gamma}$






Example 1Example 2Example 3
1:
4
Anderson-Canary [2] Bromberg-Holt [6]
( ) , $\Gamma$
$\hat{\Gamma}$ . , $\pi$ : $N_{\Gamma}arrow N_{\hat{\Gamma}}$
covering map , $N_{\Gamma}$ compact core $M$ $\pi|M$
.
, $N_{\Gamma}$ compact core
. :
$\rho_{n}$ : $\pi_{1}(S)arrow\Gamma_{n}$ $\rho$ : $\pi_{1}(S)arrow\Gamma$ . $\Gamma_{n}$
quasi-Fuchsian group , $\Gamma$ $b$-group . $\Gamma_{n}$ $\hat{\Gamma}$
. $\Gamma\subset\hat{\Gamma}$ , covering map $\pi$ : $N\mathrm{p}arrow\ovalbox{\tt\small REJECT}$
. $Y\in\partial Q_{0}\subset P(S)$ $\mathrm{h}\mathrm{o}1(Y)=[\rho]$ , $Y_{n}\in P(S)$
$Y_{n}arrow Y(narrow\infty)$ $\mathrm{h}\mathrm{o}1(Y_{n})=[\rho_{n}]$ .
Lemma 4.1 ([8]). :
(1) $n$ $Y_{n}$ { exotic,
(2) $\Omega_{0}(\Gamma)\cap\Lambda(\hat{\Gamma})\neq\emptyset$.
:
(3) $N_{\Gamma}$ compact core $M$ $\pi|M$ .
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(3) $arrow(2)$ . (2) $arrow(3)$ .
(3) $arrow(2)$ , $\mathrm{F}$ $\ovalbox{\tt\small REJECT}$
.
Theorem 42. $N_{\Gamma}$ compact cooe $M$ $\pi|M$
. :
(1) doubly cusped parabolic element $\gamma\in\Gamma$ parabolic element $\delta\in\hat{\Gamma}-\Gamma$
$\langle\gamma, \delta\rangle\subset\hat{\Gamma}$ rank 2 parabolic subgroup , $N_{\Gamma}$ compact
$\mathrm{C}O\mathfrak{k}$ $M$ $\pi|M(M)$ rank 2cusp .
$\pi|M(M)\subset N_{\hat{\Gamma}}$ $\delta$ closed cune .
(2) $\Omega_{0}(\Gamma)\cap\Lambda(\hat{\Gamma})\neq\emptyset$ .
parabolic element $\gamma\in\Gamma$ doubly cusped , $\Gamma$
$\gamma(z)=z+1$ , $a,$ $b\in \mathrm{R}(a<b)$ $\Lambda(\Gamma)-\{\infty\}\subset$
$\{z\in \mathrm{C}|a<{\rm Im} z<b\}$ $\mathrm{V}^{\mathrm{a}}$ .
Corollary 43. $\Gamma$ doubly cusped parabolic element $\mathrm{V}^{\mathrm{a}}$ , $\Delta_{\Gamma}$
compact cooe $M$ [ $\pi|M$ . $\Omega_{0}(\Gamma)\cap\Lambda(\hat{\Gamma})=\emptyset$ $N_{\Gamma}$
compact cooe $M$ $\pi|M$ .
(3) $\Rightarrow(2)\Rightarrow(1)$ .
Corollary 44. $N_{\Gamma}$ compact cooe $M$ $\pi|M$
, $n$ $Y_{n}$ exotic .
.
Corollary 45. $\{Y_{n}\}$ , $N_{\Gamma}$ compact
cooe $M$ $\pi|M$ . $\{[\rho_{n}]\}\subset QF(S)$ Bers slice
$N_{\Gamma}$ compact cooe $M$ $\pi|M$ .
(2) $\Rightarrow(3)$ .
Problem 46. $N_{\Gamma}$ compact cooe $M$ [ $\pi|M$ ,
$\Omega_{0}(\Gamma)\cap\Lambda(\hat{\Gamma})=\emptyset$ ?
.
Problem 47. $N_{\Gamma}$ compact cooe $M$ $\pi|M$ , $N_{\Gamma}$
$\Omega_{0}(\Gamma)/\Gamma$ end $U$ $\pi|U$ ?
Theorem 42 , exotic $\partial Q\mathrm{o}$








$\rho_{n}$ : $Garrow\Gamma_{n}$ $\rho$ : $Garrow\Gamma$ . $\Gamma_{n}$ $\hat{\Gamma}$
. $N_{\Gamma}=\mathrm{H}^{3}/\Gamma,$ $N_{\hat{\Gamma}}=\mathrm{H}^{3}/\hat{\Gamma}$ $\pi$ : $N_{\Gamma}arrow N_{\hat{\Gamma}}$ covering
map .
.
Lemma 51($\mathrm{J}\emptyset \mathrm{r}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{s}\mathrm{e}\mathrm{n}$ -Marden[10]). $\gamma\in\hat{\Gamma}$ $\gamma^{k}\in\Gamma$ $\gamma\in\Gamma$
.
Proof. $\exists\gamma\in\hat{\Gamma}\mathrm{s}.\mathrm{t}$ . $\gamma^{k}\in\Gamma$ . $\exists g_{n}\in G\mathrm{s}.\mathrm{t}$ . $\rho_{n}(g_{n})arrow\gamma$ $\rho_{n}(g_{n}^{k})arrow\gamma^{k}\in\Gamma$ .
$\exists h\in G\mathrm{s}.\mathrm{t}$ . $\rho_{n}(h)arrow\gamma^{k}$ $\rho_{n}(h^{-1}g_{n}^{k})arrow \mathrm{i}\mathrm{d}$. $n$ (
$h^{-1}g_{n}^{k}\equiv \mathrm{i}\mathrm{d}$ . ( $\rho_{n}$ .) $g_{n}^{k}=h$ ,
$G$ torsion-free $\Gamma$ $h$ $k$
. $g_{n}\equiv\exists g(n>>0)$ , $\gamma\in\Gamma$ .
, $\Gamma$ $\hat{\Gamma}$
, . (Matsuzaki-Taniguchi [12] Theorem 7.25
.)
Theorem 52(Anderson-Canary-Culler-Shalen [3]). (1) $\gamma\in\hat{\Gamma}-\Gamma$
( $\Gamma\cap\gamma\Gamma\gamma^{-1}$ { $\{\mathrm{i}\mathrm{d}\}$ rank 1pambolic subgroup . $\Gamma\cap\gamma\Gamma\gamma^{-1}\neq$
$\{\mathrm{i}\mathrm{d}\}$ { $\{p\}=\mathrm{F}\mathrm{i}\mathrm{x}(\Gamma\cap\gamma\Gamma\gamma^{-1})$ ( $\Gamma\cap\gamma\Gamma\gamma^{-1}=\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})\cong \mathrm{Z}$
$\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})\cong \mathrm{Z}\oplus \mathrm{Z}$ . $\rho(a)=\gamma\rho(b)\gamma^{-1}$ , $\gamma_{0}\in\Gamma$
$\rho(a)=\gamma_{0}\rho(b)\gamma_{0}^{-1}$ .
(2) $\gamma\in\hat{\Gamma}-\Gamma$ $\langle\rho(a), \gamma\rho(b)\gamma^{-1}\rangle\cong \mathrm{Z}\oplus \mathrm{Z}$ ( .
Proof. (1) $\Gamma\cap\gamma\Gamma\gamma^{-1}\neq\emptyset$ . $\exists a,$ $b\in G-\{\mathrm{i}\mathrm{d}\}\mathrm{s}.\mathrm{t}$. $\rho(a)=\gamma\rho(b)\gamma^{-1}\in\Gamma\cap\gamma\Gamma\gamma^{-1}$ .
$\exists g_{n}\in G\mathrm{s}.\mathrm{t}$ . $\rho_{n}(g_{n})arrow\gamma$ . $\rho_{n}(g_{n}^{-1}ag_{n})arrow\rho(b),$ $\rho_{n}(b)arrow\rho(b)$ $\exists n_{0}\in \mathrm{Z}$
$\mathrm{s}.\mathrm{t}$ . $g_{n}^{-1}ag_{n}\equiv b(n\geq n_{0})$ . ( ( $g_{n_{0}}^{-1}ag_{n_{0}}=b$ $\rho(a)$ $\rho(b)$ $\Gamma$ .)
$\forall n\geq n_{0}$ [ $g_{n}g_{n0}^{-1}$ ? $a$ . $narrow\infty$ $\delta:=\gamma\rho(g_{n_{0}}^{-1})$
$\rho(a)$ . $\delta\in\hat{\Gamma}-\Gamma$ .
$\langle\delta, \rho(a)\rangle\equiv \mathrm{Z}$ $\exists k,$
$l\in \mathrm{Z}\mathrm{s}.\mathrm{t}$ . $\delta^{k}=\rho(a)^{l}\in\Gamma$ Lemma
5.1 $\delta\in\Gamma$ . $\langle\delta, \rho(a)\rangle\equiv \mathrm{Z}\oplus \mathrm{Z}$ $\rho(a)$ parabolic.
$\Gamma\cap\gamma\Gamma\gamma^{-1}$ purely parabolic . $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})\cong \mathrm{Z}\oplus \mathrm{Z}$ $>$ .
$\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})\cong \mathrm{Z}\oplus \mathrm{Z}$
$\exists a’\in G\mathrm{s}.\mathrm{t}$ . $\langle\rho(a), \rho(a’)\rangle\cong \mathrm{Z}\oplus \mathrm{Z}$ .
$\delta\in \mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})$ $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})$ : $\langle\rho(a), \rho(a’)\rangle]<\infty$ $\exists k,$ $l,$ $m\in \mathrm{Z}$
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$\mathrm{s}.\mathrm{t}$ . $\delta^{k}=\rho(a)^{l}\rho(a’)^{m}\in\Gamma$ . Lemma 5.1 $\delta\in\Gamma$ .
$\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})\cong \mathrm{Z}$ . $\Gamma\cap\gamma\Gamma\gamma^{-1}\subset \mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})\cong \mathrm{Z}$ $\Gamma\cap\gamma\Gamma\gamma^{-1}$ rank
1parabolic subgroup.
$\mathrm{a}$ $g\in G$ [ $\exists k\in \mathrm{Z}\mathrm{s}.\mathrm{t}$ . $\rho(g)^{k}\in\Gamma\cap\gamma\Gamma\gamma^{-1}$ .
$\rho(g)^{k}=\gamma\rho(h)\gamma^{-1}$ . $(\gamma^{-1}\rho(g)\gamma)^{k}=\rho(h)\in\Gamma$
$\gamma^{-1}\rho(g)\gamma=\rho(f)\in\Gamma$ . $\rho(g)=\gamma\rho(f)\gamma^{-1}$ $\rho(g)\in\Gamma\cap\gamma\Gamma\gamma^{-1}$
. $\Gamma\cap\gamma\Gamma\gamma^{-1}=\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})$ .
(2) $a,$ $b\in G$ ( primitive $\mathrm{V}^{\mathrm{a}}$ . $\langle\rho(a), \gamma\rho(b)\gamma^{-1}\rangle\cong \mathrm{Z}\oplus \mathrm{Z}$
. $\rho(a)$ parabolic , $\{p\}=\mathrm{F}\mathrm{i}\mathrm{x}(\rho(a))$ .
$\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})\cong \mathrm{Z}\oplus \mathrm{Z}$ , Lemma 5.1 $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})=\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})$
. $\gamma\rho(b)\gamma^{-1}=\rho(c)(\exists c\in G)$ , (1)
$\exists\delta\in\hat{\Gamma}-\Gamma \mathrm{s}.\mathrm{t}$. $\langle\delta, \rho(c)\rangle\cong \mathrm{Z}\oplus \mathrm{Z}$ . $\text{ }$ , $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})=\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})$
$\delta\in\Gamma$ .
$\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}(\{p\})=\langle\rho(a)\rangle\cong \mathrm{Z}$ , $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\gamma\Gamma\gamma^{-1}}(\{p\})=$
$\langle\gamma\rho(b)\gamma^{-1}\rangle\cong \mathrm{Z}$ . $G$ $a$ $a$
, $b$ .
$\rho_{n}(g_{n})arrow\gamma$ . $\rho(a)$ $\gamma\rho(b)\gamma^{-1}$ , $n\geq n_{0}$ (
$g_{n}^{-1}ag_{n}$ $b$ . $g_{n}^{-1}ag_{n}$ $b$ . $g_{n}^{-1}ag_{n}$ (
, $b$ $g_{n}^{-1}ag_{n}\equiv g_{n_{0}}^{-1}ag_{n_{0}}$
, $g_{n}g_{n0}^{-1}$ $a$ . $\gamma\rho(g_{n0}^{-1})$ $\rho(a)$ .
$\gamma\rho(g_{n_{0}}^{-1})=(\gamma\rho(b)\gamma^{-1})^{l}\rho(a)^{m}=\gamma\rho(b^{l})\gamma^{-1}\rho(a^{m})$ , $\gamma=\rho(a^{l}g_{n_{0}}b^{m})\in\Gamma$
.
Corollary 53(Anderson-Canary-Culler-Shalen [3]). $\Gamma$ topologically tame
. , $\gamma\in\hat{\Gamma}-\Gamma$ $\Lambda(\Gamma)\cap\Lambda(\gamma\Gamma\gamma^{-1})=\Lambda(\Gamma$
$\gamma\Gamma\gamma^{-1})$ . [ $\Lambda(\Gamma)\cap\Lambda(\gamma\Gamma\gamma^{-1})$ tt parabolic fixed point 1
.
$\epsilon$ Margulis . $N_{\Gamma}$ $\epsilon$-thin cusp part $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$
. $(N_{\Gamma})_{0}=N_{\Gamma}-(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ .
$(N_{\Gamma})_{0}$ geometrically infinite end $N_{\hat{\Gamma}}$
.
Theorem 54(Thurston, Canary). $\Gamma$ topologically tame .
, $(N_{\Gamma})_{0}$ geometrically infinite end $E$ [ $U$
$\pi|U$ .
Theorem 52 , $N_{\Gamma}$ 2 closed geodesic $N_{\hat{\Gamma}}$ closed geodesic
, .
Corollary 55. $\Gamma$ topologically tame . $E_{1},$ $\ldots,$ $E_{k}$ $(N_{\Gamma})_{0}$
geometrically infinite end , $E_{1},$ $\ldots,$ $E_{k}$ [ | $\sqrt$ ‘
$\ovalbox{\tt\small REJECT},$
$\ldots,$
$U_{k}$ $\pi|(U_{1}\cup\cdots\cup U_{k})$ .
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$(N,)_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ . $(N,)_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ $\pi\ovalbox{\tt\small REJECT}$
$N,$ $arrow N\ovalbox{\tt\small REJECT}$ ( )cusp .
Lemma 56. $V_{1},$ $V_{2}$ $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ . $\pi(V_{1})\cap\pi(V_{2})=$
$\emptyset$ . $V$ rank 2parabolic subgroup [ $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$
, $\pi|V$ { . $\Gamma$ topologically tame $V$ doubly
cusped rank 1 parabolic subgroup [ $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$
, $\pi|V$ .
Proof. $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ $V_{1},$ $V_{2}$ , $\pi(V_{1})=\pi(V_{2})$ .
$\pi_{1}(V_{i})\subset\Gamma$ & primitive parabolic element $\rho(a_{i})$ $(i=1,2)$ .
Lemma 5.1 $\rho(a_{i})$ { $\hat{\Gamma}$ primitive .
$\gamma\in\hat{\Gamma}-\Gamma$ $\langle\rho(a_{1}), \gamma\rho(a_{2})\gamma^{-1}\rangle\subset\hat{\Gamma}$ parabolic subgroup 1 .
$\langle\rho(a_{1}), \gamma\rho(a_{2})\gamma^{-1}\rangle=\mathrm{Z}\oplus \mathrm{Z}$ Theorem 52(2) $\rho(a_{1})=$
$\gamma\rho(a_{2})\gamma^{-1}$ , Theorem 52(1) $\rho(a_{1})$ $\rho(a_{2})$ l $\Gamma$
.
, $\Gamma$ topologically tame , $x_{1},$ $x_{2}\in(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ $\}$ $\pi(x_{1})=$
$\pi(x_{2})$ , doubly cusped parabolic element $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$
$V$ $x_{1},$ $x_{2}\in V$ , $\pi(x_{1})=\pi(x_{2})$ $(N_{\hat{\Gamma}})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ rank 2
cusp component I .
3 Example ( , $(N_{\Gamma})_{0}$ geometrically finite end $\pi$ : $N_{\Gamma}arrow$
$N_{\hat{\Gamma}}$ . component subgroup quasi-
Fuchsian end , core
.
Definition 57. $(\Phi_{1}, \ldots, \Phi_{q})$ $\Gamma$ quasi-Fuchsian com-
ponent subgroup . $(\Phi_{1}, \ldots, \Phi_{q})$ $\hat{\Gamma}$ precisely embedded sys-
tem , $m$ $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}$ (\Lambda (\Phi m))=\Phi , $\gamma\in\hat{\Gamma}-\Phi_{m}$
$\gamma\Lambda(\Phi_{m})$ . $\hat{\mathrm{C}}-\Lambda(\Phi_{k})$ $(\forall k)$ .
$(\Phi_{1}, \ldots, \Phi_{q})$ spanning disc system $(.D_{1}, \ldots, D_{q})$ , $m$ , $D_{m}$
$\mathrm{H}^{3}$ properly embedded disc , $\mathrm{H}^{3}\cup\hat{\mathrm{C}}$ $\overline{D_{m}}$
$\Lambda(\Phi_{m})$ , $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\Gamma}$-(Dm)=\Phi , $\gamma\in\hat{\Gamma}$ -\Phi
$\gamma(D_{m})\cap D_{k}=\emptyset(\forall k)$
$\mathrm{V}^{\mathrm{a}}$ .
Theorem 58(Anderson-Canary [1]). $(\Phi_{1}, \ldots, \Phi_{q})$ $\Gamma$
quasi-Fuchsian component subgroup . $(\Phi_{1}, \ldots, \Phi_{q})$
$\hat{\Gamma}$
precisely embedded system $\text{ },$ $(\Phi_{1}, \ldots, \Phi_{q})$ spanning disc system
$(D_{1}, \ldots, D_{q})$ .
, [1] Anderson-Canary .
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Theorem 59 (Anderson-Canary [1]). $\Omega(\mathrm{F})\neq\emptyset$ , $\ovalbox{\tt\small REJECT}(\mathrm{F})$ , $\mathrm{F}$
accidental parabolic element $\ovalbox{\tt\small REJECT}\backslash$ , $N_{\mathrm{F}}$ compact core $M$ (
$\pi|M$ .
$\mathrm{r}_{\mathrm{a}\mathrm{c}\mathrm{c}\mathrm{i}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}1}$ parabolic element $\mathrm{d}\mathrm{o}\mathrm{u}\mathrm{b}\mathrm{l}\mathrm{y}$ cusped
accidental parabolic element
. Corollary 43 . $\mathrm{d}\mathrm{o}\mathrm{u}\mathrm{b}\mathrm{l}\mathrm{y}$ cusped
accidental parabolic element . , $\Gamma$
doubly cusped accidental parabolic element , $\rho:Garrow\Gamma$
$\rho’$ : $Garrow\Gamma’$ : $\rho_{n}’$ : $Garrow\Gamma_{n}’$
$\rho’$ : $Garrow\Gamma’$ , $\Gamma_{n}’$ $\hat{\Gamma}’$ , $\pi’$ : $N_{\Gamma’}arrow N_{\dot{\Gamma}}$,
covering map , $N_{\Gamma’}$ compact core $M$ $\pi’|M$
.
.
Problem 5.10. $N_{\Gamma}$ compact core $M$ $\pi|M$ ,
$N_{\Gamma}$ convex cooe $C_{\Gamma}$ [ $\pi|C_{\Gamma}$ ?
6Theorem 4.2
:
$\rho_{n}$ : $\pi_{1}(S)arrow\Gamma_{n}$ $\rho:\pi_{1}(S)arrow\Gamma$ . $\Gamma_{n}$
quasi-Fuchsian group , $\Gamma$ &group . $\Gamma_{n}$ $\hat{\Gamma}$
. $\Gamma\subset\hat{\Gamma}$ , covering map $\pi$ : $N_{\Gamma}arrow N_{\hat{\Gamma}}$
.
$\Gamma$ &group $\Omega_{0}(\Gamma)$ component subgroup quasi-
Fuchsian group . $\Gamma$ topologically tame .




simple closed curve $c_{1},$ $\ldots$ , .
$S-(c_{1}\cup\cdots\cup c_{r})=(S_{1}\cup\cdots\cup S_{p})\cup(T_{1}\cup\cdots\cup T_{q})$
. $\rho(\pi_{1}(S_{\dot{l}}))$ quasi-Fuchsian group , $\rho(\pi_{1}(Tj))$ { totally degen-
erate group . $\Phi_{:}=\rho(\pi_{1}(S_{1}.))$ , Theorem 58 $(\Phi_{1}, \ldots, \Phi_{P})$
$\hat{\Gamma}$ precisely embedded system , $(\Phi_{1}, \ldots, \Phi_{P})$ spanning disc
system $(D_{1}, \ldots, D_{q})$ . Si=(Di/\Phi $(N_{\Gamma})_{0}$ . $T_{1},$ $\ldots,$ $T_{q}$
$(N_{\Gamma})_{0}$ geometrically infinite end $E_{1},$ $\ldots,$ $E_{q}$ $U_{1},$ $\ldots,$ $U_{q}$
$\cup S_{\dot{l}}$ $\pi|U_{1}\cup\cdots\cup U_{q}$ (Corollary 55).




$\cup \mathcal{T}j$ $\Omega_{0}(\Gamma)/\Gamma$ end $(N_{\Gamma})_{*}$ ,
$(N_{\Gamma})_{*}$ $(N\mathrm{r})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ I $r$ annulus $A_{1},$ $\ldots,$ $A_{r}$ , $A_{k}$ core curve $N_{\Gamma}$
$c_{k}$ .
$\Sigma=(\cup S_{i})\cup(\cup \mathcal{T}_{j})\cup(\cup A_{k})$
, $\Sigma$ ( ) $N_{\Gamma}$ compact core .
$\pi|\Sigma$ : $\Sigmaarrow N_{\hat{\Gamma}}$ . ,
$x_{1},$ $x_{2}\in\Sigma$ { $\pi(x_{1})=\pi.(x_{2})$ , $k$ ( $x_{1},$ $x_{2}\in A_{k}$
, $\gamma_{k}$ doubly cusped parabolic element , $\pi(x_{1})=\pi(x_{2})$ ( $(N_{\hat{\Gamma}})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$
rank 2cusp component 1 . $\gamma_{k}$ fixed point $p$
, parabolic element $\delta\in\hat{\Gamma}-\Gamma$ $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}_{\hat{\Gamma}}(\{p\})=\langle\gamma_{k}, \delta\rangle\subset\hat{\Gamma}$ { rank
2parabolic subgroup . $|_{\sqrt}$ $\Gamma$ 2 quasi-Fuchsian comonent subgroup
$\Psi_{1},$ $\Psi_{2}\subset\Gamma$ , 2 Jordan curve $\Lambda(\Psi_{1}),$ $\Lambda(\Psi_{2})$ 1 $\{p\}$
. $\Psi_{1},$ $\Psi_{2}$ spanning disc $D_{1},$ $D_{2}$ . ( $D_{1},$ $D_{2}$ spanning
disc system $(D_{1}, \ldots, D_{q})$ $\hat{\Gamma}$ .) $\Lambda(\Psi_{1}),$ $\Lambda(\Psi_{2}),$ $D_{1},$ $D_{2}$ $\langle\gamma_{k}\rangle-$
invariant . $(N_{\Gamma})_{\mathrm{c}\mathrm{u}\mathrm{s}\mathrm{p}}$ lift $\{p\}$ [ horoboll $\mathcal{H}$ , $D_{1}$
$D_{2}$ $\partial \mathcal{H}$
$\tilde{A}_{k}$ $A_{k}$ lift . $D_{1}$ $\mathrm{H}^{3}$ 2
$\delta D_{1}$ $D_{2}$ . $\delta D_{1}$ (i)
$D_{1}$ $D_{2}$ (ii) . (i) , $\tilde{A}_{k}\cap\delta\tilde{A}_{k}\neq\emptyset$
$\pi|A_{k}$ $\text{ }$ , (ii) , $\tilde{A}_{k}\cap\delta\tilde{A}_{k}=\emptyset$ $\pi|A_{k}$
. $\delta\Lambda(\Psi_{1})\subset\Lambda(\delta\Gamma\delta^{1})$ Corollary 53 $\Lambda(\Gamma)\cap\Lambda(\delta\Gamma\delta^{1})=\{p\}$
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